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Background

In the summer of 20EPresentatives from Kryton presented their product, Krystol Internal Membrane (KIM), t
researchers at the Nebraska Department oftatem@pbOTAc cor di ng t o Kryton, AaKI N
admixture used to create permanently waterprooficdierdtdV reacts with water ahgidnated cement and

forms crystals that seal reiercks and prevent water and chloride pengastloonproduct demonstrations

and research studiessented to NDOT researcherkMproducshowegotentidbr usénN e b r aanéreted s

mix designs foewbridge railisgoprotecthose structuragainsthloridgenetration

Purpose of the Investigation
The purpose of this investigat®to determine if KIM is a suitable admixture for protectiagkisriighils
against chloride penetration.

Laboratory Investigation (Test Methodology)

NDOTinvestigateldiMas an admixtuby teshgponding blocks in accordance with ASTNst@edard Test

Method fddcaling ResistanceCohcrete Surfaces Exposdaetoing Chemi&shnd migprisms in accordance

with AASHTO Test Standard, B380dard Method of Test for Potential Alkali Reactivity of Aggregates and
Effectiveness of ASR Mitigation Measures (Miniature Concrete Prisn#.TrResedICRENs signed a matrix

Ponding Blocks: Follow C672 - Cycle until deterioration is evident. Of ponding bIOCkS and —pTiB'mSIO Compare CUfing
Testing: Freezing Environment - Temperature: -4°F (-20°C) 16-18 hrs. e f f ect s an d K| MO s a b i1 t y
Room Temperature at 23 + 2.0°C [73.5 + 3.5°F]. 68 hrs. 7 ) . !
5 cycles/week  in thaw phase during weekend prevent scalirand resist destructive expansion. The
MgCI2 = 27-315% wt.-wt. matrix is shown in Figure 1. Ponding blocks were loaded
NaCl ~ 23.3% wt.-wt. . .. o . .
Penctrating Concrete Sealer (PCS) witha corr.osmrmhlbltealnagnesmm chlorpl®duct
Ponding Blocks: Target start date 10/21/19 of appI'Oleater PBLO% whwt. (MgQD and a
- - sodium chloriderine approximately 23.3%-wtt.
@ 478D 478D (NaCl)observing C672 Section 9.1 Ndigeigrisms
= T e weresoaked in sodium hydroxide (NaOH)
B6 . . . .
5 E 478D Researchers cagiecimenasing NDOT mix design
Z 3 Mgcl2 47BD used for structure applicatamthe control

samples and using mix design 47BD withdM as
admixtureto form ponding blocks amidiprism
specime The T380 forms and Ponding Block forms
are shown in Figure 2.

Mini Prisms: Follow T380 - 84 cycles.
Temperature 140°F

6 Molds - 12 Bars : Cure 6 mini-prisms in moist room after removal from mold.
Cure 6 in ambient conditions (outdoors).

[a)
g #9 #10 #11 #13
8 47BD 478D 47BD KIM
[a)
B #15 #16 #17
Z 8 47BD 478D 47BD

Figurel - Researchers designed a matrix to test KIM with po  Figure - Forms for T380 Mirisms (left) and forms for pol
blocks and myjmiisms. blocks ready for casting.
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Ponding Blocks

Eighponding blocks were aasin outdoor site selected for resEatctblockslentified aslEB2,B5, ands6,
were cast using 47BBurblocksidentified a83,B4, B7, andB8 were cast using KBlbck$31-B4 werecured
in thefield for 24 howrsing wet burlaplock85-B8 hydrated withoutyaniring techniqudsis produced cured
uncured pairs of blocks for compdiddudei. lists the cured and uncured pairs.

Tablel - Four pairs of cured and uncured blocks allowed comparison of the curing effect on scaling.

Pair Cured Uncured
1 Bl B5
2 B2 B6
3 B3 B7
4 B4 B8

After 24 hours the specimens were brought bddateritde and Reseadraiiding and cureddmatrsfor 28
daysAfter 28 daydpckBl and5 werdreated with an NDOT appisileetbased Penetrating Concrete Sealer
(PCS)Then the blocks werevedo the PCC lab to begin Frébag (H) testing.

The ponding blocks were subjectédésting in the environmer &
chamber in the PCC lab in accordanCé#gik shown Figures.
The cycles began on Mondays witimgahe blocks with fresh dg
and placing in the chamber to free2@°@t for 8 hours. Afte
freezing, the blocks thawég’atfor 14.8 hours. The blocksled
between freetiegaw temperatures 5 tipersweek (Monday throu
Friday). fie bloks remaiedpondedn thethavedstatethrough t
weekendlevidahgfrom C672 Section®t8ch calls for the blocks;
remain in the frozen state or kept damp in the thaw state d
interuptions. Researchers directed the vanatidopérsonnel , : " o
shortage on weekeris.Monday morningsearchers drained al bl SN
flushed the blockdth distilled wat®bserved scaling degree, /A ! :
thenrepondedhe blocks with fresh deicer to restart the p/ ‘ = e —————
Testing continued 6" cycles. Figure3- The ponding blocks were subjectdd
testing in the environmental chamber.
C672 provides a key to assigning scaling codes. The values range from
0, no scaling, to 5, sesernling. Momeformatioon the Scaling Codesravideth Table2.

Table? - Scaling Codes provided by ASTM C672 were used to compare the 47BD and KIM ponding blocks

SCALING CODES: ASTM C672

Rating Condition of Surface

0-no scaling

l-very slight scaling (3 mm [108 in.] depth
2 - slight to moderate scaling

3-moderate scaling (some coarse aggregate visible)

4-moderate to severe scaling

5- severe scaling (coarse aggregate visible over entire surface)
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During=T testing, locksB3 andB7 wergponded withn

NDOT approvethCl brinprepared in the NDE@&mistry

labh The NaCl brine evaporated in the environmental chamber
during thérstfive FT cycls. Starting on the sixtf Eycle,

and for the duration of testing, technmiansdlocks B3

and B7with plexdlass to preveavaporation duringl F
cyclesTherest of the blockere ponded witine of the
MgClbaseddeicers onontract with the Statdlelbraska.

The Mggpondedblocks did not evaporate during tésting.

pond the blocks, 300 mL of the respective deicers were poured
into the corresponding bistobwn iRiguret.

Figurel - Each ponding block was filled with 300 mL of
deicing chemical. The rmass okachblock wameaswed afte25 FT cycles

The bloclkdried in the environmental chan#32Cdbr one
week, then they were weighed in the PCC lab. This was consideneasth&fiaititde entire test completed
two final masses were taken. The blocks dried in the environment@&3tGdmbenatwveek, were weighed,
dried for a second week and weighed hgawo weights confirmed that the mass had stabilized and the specimens
haddried completely. Alssgs were recorded in grams.

Mini-Prisms

Miniprismsvere cast at an outdoor site chosen for re
in accordance with AASHTO Test Method T380 to «#
expansion differences between 47BD an8ixKhWni
prisms were cast using 47BD and six were cast usin
each mixhreeminiprisns were cureahd three were né
curedt the testing site fohddrsas shown in Figdr&@he
miriprisms @re stripped from the molds and plag
soaking containers filled with NaOH as specified in
specimen®r each mix desigaremeasured for expims Figure - Mlmprlsms and pondlng blocks, field curing. k

in triplicatat 3, 7, 10, 14, 21, 28, 42, 56, 70, and 84 dthe samples were exposed to ambient conditions, whil
half were cured according to NDOT standards.
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Results and Discussion

Eachblock in aured andncuregairpeformed similarly to each offtesuncuregbairsprogressed to scaling
faster than the cupadrshowevehoth blocks in a pair finished with the same scalinipedatst reading

The six blocks, B1, B2, B4, B5, B6, and B8, ponded stidwédGlinimal amounts of scaling aflecg&éds.

The other two blocks, B3 and B7, ponded withhdvatbevere scaling and indicate structures will present
durability issuel eight blocks are shown befoed trelend tdsting in Figuse

Figures - The ponding blocks before (left) and after testing

BlockB1 and Bieated with PGHowed no signs of scalimjwere identified as code 0 sddlagIM blocks
were not treated with PS8 direct comparisonld not be mabletween KIM and 47BD if treated with PCS.
These results show tresting blocks witB$ provided the best scaling protection of the eight specimens.

Block®2, B4B6,and B8 all showed slight scalitgveralentified a®de IscalingThis indicates that the 47BD
blocks (B2, B6) and the KIM blocks (B4, B8) performed equalponeddvhizh MgCl

BlocksB3 and BWere both identified as code 4 sddimgy.of the 47BdHs were ponded with Ma€lto

limitations in the number of molds available. As a result, no ceogengsericomance can be made between
KIM and 47BD when ponded with TNdiB8 shows the scaling codes of the cured and uncured pairs.

Table3 - Block Pair Scaling Codes at the completion of testing.

. Scaling Codé Scaling Codé
Pair Cured FinaIRgeading Uncured Final %eading
1 B1 0 B5 0
2 B2 1 B6 1
3 B3 4 B7 4
4 B4 1 B8 1




NEBRASKA

Good Life. Great Journey.

MATERIALS & RESEARCH

DEPARTMENT OF TRANSPORTATION

Ponding Block Masses

The masses of each block were recordedRaftary2ieaind twice at the end of testiegfing completed after

85 FT cycles anwvo final masses were talftar drying’he blocks dried in the environmental chadfiaer at 2

for one wedkinal Mass,Myere weighed, dried for a second weeérandighed agafRrinal Mass.2None

of the blocks showed significantamasgelue to ponding. The largest mass percent cha@gb@fas The

two blocks made with KIM and ponded with NaCl, B3 and B7, showed a slight mass gain. Details of each blot
discussed later in the Individual Ponding Block Performance sectioffioraheigishitick are displayed in

the graph shown in Figure 7.

Ponding Block Masses

m 25 F-T Cycle Mas# Final Mass 1 = Final Mass 2

2 11500
o)
)
o
= 11000

10500 II

10000

B1 B2 B3 B4 B5 B6 B7 B8

Ponding Block

Figurer - The ponding blocks were weighe#maR€rcyclesindtwiceat the end of testing. No significantinaagsaccurred.
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Individual Ponding Block Performance

B1

Block B1 was made of 47BD, cured, and treated with PCS. It was pondEusimiiodélgGhed no scaling
and was assigned a scaling codd loé ®lock is pictured before and after testing Biyomas. ilhe mass of
B1 decreased by 56 grams, or 0f4892%ycle mass

Figure3-B1 before testing (left) and&8tem cycleshowed no scaling.

B2

Block B2 was made of 47BD and cured. It was pondedanishy@ttlesign ocaling@nd was assigned a

scaling code ofTihe block is pictured before testing began and after testifgsht®vBRimaintained a moist
appearance after drying for two weeks in the environmentahehenikely due te #bsorption and retention
of water and oils from the deicing chemicals. The mass of B2 decreased by 42 gfédis 2ayrce3ddss

Figure@ - B2 before testing (left) and&HtET cycleshowed little to no scaling.
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B3
Block B3 was made of KIM and cured. It was poNa€iTihblock is pictured beformdgestgan and after
testing shovimFigurelQ The mass of B3 increased by 24 grams, @f@2@%ycle mas3he mass increase
is likelydueto the reaction between water and KIM, whicktaiote mass of the reat water within the
structure.

T

Lol A

Figurel0- B3 before testing (leftdl afte85 FT cycleshowed moderdteavy scaling on the rim and outer surfaces of the bloc

Throughout testing, researchers observed the foriff
a crystalline structure onithend outer surfaoéshe |
ponding blockhowmFigurell Samples of the cryst§.
were collected and analyzed iNDI@Tchemistriah

The resudtindicateddhthe crystal formation was N

Federal Highway Administragiponsored researq
dec | a raglldry d@bsorption, hydrostatic pressur
diffusion are the means by which chloride io
penetrate concréte Capillary absorption occurs
the liquid deicer contacts the dry concrete and is d
the concrete pores by capillary action. Hydrnstafic B o
pressure causes chloride penetvatiem a hydrau”‘ﬂgur_éll-NaCI deposned_on the rim and outer surfaces o

: : . .~ . ponding block during testing.
head is applied to the faces of the coDdfateoris
driven by a concentration gradient where ions transport towards lower .cQoceliti@i®rithe three
mechanismsgerefavorable, howevesearchers cannot definitively cotitiitie mechanisms aesponsible
for theransport of sodiundahloride ions and the formation of the salt crystals on the outer surface of the block

e ~— Researchers observed mild scaling on the ponded surfaces,

where some of the tyning eroded and small aggregate was
exposed.The most severe scaling occurred on the outer
surfaces of the ponding block where the NaCl deposits were
locatedThe concrete looked blisteredubides in the paste
formed. The concrietéhis condition was very brittle and flaked

off even when gently bhewd; exposing aggregate. A-gfpse

photo of the blistering is shokigunel2

Figurel2- The concrete blistered where NaCl deposit



